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_ Action Requested: 

Review additional data (including historical control incidences for 
hepatocellular adenomas and carcinomas in male mice, as well as 
incidences for bronchiolar and alveolar adenomas and carcinomas in 
male mice, and a justification for the highest dose - 750 ppm -
selected for female mice) relating to a mouse carcinogenicity study 
performed at Hazleton Laboratories. 

Background: 

A lifetime (78-week) mouse carcinogenicity study on 2,4-DB Acid was 
previously reviewed (DER X, copy attached, as part of a memorandum 
dated January 20, 1988) in the 2,4-DB Toxicology Chapter of the 
Registration Standard. At that time it was stated that there was 
we~k, but possible dose-relationship trend involving hepatocellular 
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carcinoma in males which needed to be addressed with historical 
control data. In addition, it was noted that justification should 
be made for 750 ppm in females as a MTD, or being reasonably close 
to such a level. 

Comments and Recommendations: 

1. The registrant has submitted historical control data from 8 
Hazelton {Wisconsin) mouse studies for hepatocellular carcinomas 
and adenomas, as well as alveolar carcinomas and alveolar; 
bronchiolar adenomas. Of these 8 studies, one (H(CB)C4 1987) 
appears to be control data from the 2,4-DB study. Based on 
historical control data from the perfo.rming laboratory, it is 
concluded that there is no indication that dietary exposure to 
the 2,4-DB acid.causes any increased incidence of tumors in male 
mice, and the registrant has sufficiently addressed this point. 

2. To justify 750 ppm as a MTD for females, theregistrant has 
cited ·body weight gain data from a preliminary 4-week range­
finding study, in which females at 300 and 1000 ppm had weight 
gains that were respectively 18% and 15% lower than those of 
controls during the four week study. However, within the 78-
week study, there was very little difference in weight gains 
between different groups.· Interpretation of data from the 78-
week study is also made somewhat difficult by the fact that the 
mean weight for high-dose (750 ppm) females at week 0 was 
significantly (p ~ 0.01) lower than that for controls (20.1 vs. 
21.0 gm), while at one week values were 21.8 and 22.5 gm 
respectively (p ~ 0.05). For males, there never was any 
consistent significant difference between controls and high-dose 
(750 ppm) mice with respect to mean body weights, despite an 
increased mortality in 750 ppm mice that necessitated early 
sacrifice (at 66 weeks) in this group. Further, the comment in 
the original report (Vol. I, p. 14) was that "the probable 
maximum tolerated dose for an oncogenicity study, based on 
increased liver weight, was less than 1,000 ppm." The material 
in·M:RID 419362-01 does not mention increased liver weight. It 
is concluded then that insufficient information has been given 
to justify 750 ppm as a MTD in females; the registrant should 
submit information - particularly relating to liver weight 
findings in the 4-week · range-finding study that more 
specifically address this point·. 

3. Without information adequately demonstrating that 750 ppm is a 
MTD (or is sufficiently close to a MTD) the study remains 
classified as core supplementary data. This study does not 
currently satisfy the guideline data requirements (83~2.(b)] for 
a mouse carcinogenicity study. 

4. A copy of this memorandum should be made available to the regis-­
trant. 



008813 

-3-

Discussion: 

According to the original review (memorandum dated January 20, 
1988): "There is a weak, but possible dose-relationship trend 
involving hepatocellular carcinomas in males, with overall group 
incidences of 0/70. 1/70, 4/69 and 3/70 (the last group is from 750 
ppm males, terminated about 3 months before others) . The p (by 
Fisher's exact test) associated with the overall incidence of this 
tumor type in 250 ppm males (4/69) versus controls (0/70) is 0.058, 
a close approach to statistical significance. While these findings 
are certainly not convincing evidence of oncogenicity (it is noted 
that p obtained by comparing incidences of combined hepatocellular 
adenomas and carcinomas for 250 ppm males - 7/69 - and controls -

4/70 - is 0.2576), the situation has to be addressed ••. Some 
information .•• on this point is appropriate, particularly as there 
were no occurrences of bronchiolar adenomas and carcinomas, or of 
hepatocellular carcinomas in the male mice of this study, although 
these tumors did occur in male groups which were exposed to the 
2,4-DB." 

The registrant has submitted historical control data from 8 
Hazelton (Wisconsin) mouse studies. Of these 8 studies, one 
(H(CB)C4 1987) appears to be control data from the 2,4-DB study; 
cumulative incidences for hepatocellular carcinoma and adenoma are 
reported as 15/537 and 29/537 respectively, or 0.0279 and 0.054; 
without findings from the 2,4-DB study these values are 15/467 and 
25/467. By Fisher's Exact Test the p value associated in comparing 
0/70 and 15/467 is 0.1194, and that with 4/70 and 25/467 is 0.5377. 
Higher incidences of hepatocellular carcinoma (12/222) were 

. observed in the three studies run for 96-104 weeks, then in the 
five studies run for 78 weeks (3/315). In addition to the putative 
2,4-DB study, there were two 78-week studies (H(CD)C6, 1987, and 
H(CD)C7, 1989) in which no hepatocellular carcinomas were observed 
in control males (incidences of 0/70 and 0/65 respectively).· In 
the 2, 4-DB mouse study, the incidence of hepatocellular carcinomas 
in 250 ppm males was 4/69; comparing 4/69 with 15/467 by Fisher's 
Exact Test gives p = 0.2194. 

For alveolar carcinomas and al veolarjbronchiolar adenomas, 
cumulative control incidences from the eight studies are reported 
as 26/538 and 16/538 respectively; without data from the 2, 4-DB 
study incidences were 26/468 and 16/468. The p values associated 
in comparing 0/70 with 26/468 and 0/70 with 16/468 are 0.0243 and 
o. 1039. However, incidences for alveolar carcinoma in males varied 
widely in the other studies, ranging from 0/50 to 11/64; higher 
incidences were associated. with longer study durations (96-104 
wweks). In the four other studies run for 78 weeks only one or 
fewer males (out of at least 50) was observed to have this finding; 
consistent with incidences in 2,4-DB-exposed males (25 ppm: 1/70; 
250 ppm: 1/70; 750 ppm: 0/70). It is then concluded that, based 
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on historical control data from the performing laboratory, there 
is no indication that dietary exposure to the test material causes 
any increased incidence of tumors in male mice, and the registrant 
has sufficiently addressed this point. 

To justify 750 ppm as a MTD for females, the registrant has cited 
· body weight gain data from a preliminary 4-week range-finding 

study. The following table is presented (p. 5): 

BODY WEIGHT GAINS IN GRAMS (AND PERCENT DIFFERENCE FROM CONTROLS) 

2,4-DB Technical (ppm) 
o J2I<m 30 J2I<m 100 99m 300 !;l]2m 1000 99m 

Male Mean 9.9 9.5 9.3(6%) 8.4(15%) 8.2(17%) 
N 10 10 10 10 10 

Female ·Mean 5.4 6.2 5.3 4.4(18%) 4.6(15%) 
N 10 10 10 10 10 

"Based on these data, it was felt that a dose of 1000 ppm or more 
would exceed the MTD when administered to the mouse for a lifetime 
study. The concern at a dose·level of 1000 ppm was supported by 
the 15.-18% decrease in body weight gain at 300 ppm in this range­
finding study. Therefore, the level of 750 ppm, a reduction from 
1000 ppm, was chosen as the high dose for the oncogenicity study." 

Within the 78-week study, . there was very little difference in 
weight gains between different groups. However, interpretation of 
the data is made somewhat difficult by the fact that the mean 
weight for high-dose (750 ppm) females at week 0 was significantly 
(p ~ 0.01) lower than that for controls (20.1 vs. 21.0 gm); at one 
week the values were 21. 8 and 2 2 • 5 gm respectively. . For males 
there never appeared to be a significant difference in mean weights 
between controls and 750 ppm animals, despite the increased 
mortality in 750 ppm mice that resulted in their sacrifice at week 
66. 

In addition, the justification given in this additional material 
that a MTD had been reached does not correspond to that in the 
original study. From val. I, p. 14: "Dose levels for this study 
were selected based on results from a 4-week range-finding study 
(HLA Study No. 6158-102). Mice received 2,4-DB in the diet at 
levels of 0, 300, 1,000 or 3,000 ppm. The data indicated that the 

·probable maximum-tolerated dose for an oncogenicity study, based 
Qn increased liver weight (emphasis added by this reviewer), was 
less than 1, 000 ppm." It is concluded then that insufficient 
information has been given to justify 750 ppm as a MTD in females; 
the registra.nt should submit information - particularly relating 
to liver weight findings in the 4-week range-finding study - that 
more specifically address this point. Without information 
adequately demonstrating that 750 ppm is a MTD (or is sufficiently 
close to a MTD) the study remains classified as core supplementary 
data. 
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- DATA EVALUATION REPORT X 

STUDY TYPE: Lifetime (78 week) dietat:y TO X. C HEM. NO : 3 1 6 
& oncogenicity study - mouse 

ACCESSION NUMBER: not given MRIP NO: not given 

TEST MATERIAL: 2,4-PB 

~ YNON YMS: 4-(2,4-dichlo!:ophenoxy)butyt:ic acid 

STUDY NUMBER(S): KLA 6158-104 

SPONSOR: 2,4-DB Task Fot:ce 

TESTING FACILITY: Hazleton Labot:atot:ies, Ame"ica Inc. 

TITLE OF REPORT: Lifetime Oietat:y Oncogenicity Study in Albino 
Mice with 2,4-DB 

AUTIDR(Sl: MacKenzie, Kat:en M. 

REPORT ISSUED: 6/23/87 

Classification: co"e supplementat:y data (additional info"mation 
and clat:ifications at:e needed as indicated below 
to upg~:ade the classification of this study), 

~pecial Review C~:ite~:ia (40 CFR 154.7) 

· £ON CLUSION S: 

1. Gt:oups (SO of each sex) of Ct:l:co•1(CR)BR mice/.- wet:e fed 
2,4-DB in theit: diet at 0, 25, 250 and 750 ppm (equival~nt ~o 
0, 3.75, 37.5 and 112,5 mg/kg/day) fot: 78 weeks (except for 
males at 7SO.ppm, which were terminated at 66 weeks). An 
additional 20 animals/sex/dosage g~:oup were terminated after 
having received these doses in theit: diet for 52 weeks. 

2. There is a weak, but possible dose-t:elationahip tt:end involving 
hepatocellulat: carcinomas in males, with overall gt:oup inci­
dences of 0/70, 1/70, 4/69 and 3/70 (the iast value is from 750 
ppm males, terminated about 3 months before othet:s). The p (by 
Fisher's exact test) associated with the ovet:all incidence of 
this tumor type in 250 ppm males (4/69) ve~:sus ~ontt:ols (0/70) 
is o.osa, a close appt:oach to statistical significance. While 
these findings are certainly not convincing evide~ce of oncogen­
icity (it is noted that-p obtained by comparing incidences of 
combined hepatocellular adenomas and carcinomas for 250 ppm 
males- 7/69- and controls- 4/70- is 0.2576), the situation 
has to be addressed. Although the laborato~y has indicated a 
~eluctance to submit historical cont~:ol data on this mouse 
st~ain, some information (~e~:haps ft:om the most recent series 
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of studies conducted in suppo~t of pesticide ~egist~ations)· on 
this point is app~op~iate, pa~ticula~ly as the~e we~e no occur-. 
~ences of b~onchiola~ adenomas and ca~cinomas, a~ of hepato­
cellula~ ~~cinomas in the cont~ol males of this study, 
although these tumo~s did occu~ in male gioups wh~ch were 
exposed to the 2,4-DB. 

2. The high incidence of mortalities which·occu-c~ed staEting 
about week 58 in 750 ppm males (and necessitating the termi­
nation of the -cemaining animals in this group at week 66) is 
conclusive evidence that these animals were dosed at (or even 
somewhat above) a maximally tole~ated dose level. 

3. With the females there is no evidence of any dose-related t~end 
in b~onchiola~, liver a~ any othe~ types of tumors, and the 
incidences of neoplasms in females in this study were quite low 
for all groups. However, the major question is whether in fact 
the females were tested at a maximally tolerated dose (MTD) or 
close enough to such a level, particularly as the only major 
effect in 750 ppm females was a significant increase in mean 
kidney weights. · 

Justification should be made then that 750 ppm in females is a 
MTD (or is close eBough to such a level). ~nformation submitted 
~hould include data, preferably for both sexes, from the 4-week 
range-finding study (HLA No; 6158-102) used in setting the dose 
levels of this oncogenicity study. 

A. MATERIALS: 

1. Test compound: 2,4-DB Technical, Description: a white granu­
lar substance. No batch number given. Purity 97.74\ (see val. 
II, p. 420). Mate~ial used was ~eceived Ap~il 3, 1984, and 
was sto~ed f~ozen until June 16, 1984. It was then g~ound and 
"placed into 83 glass qua~t ja~s with Teflon•-lined lids ••• and 
sto~ed frozen under nit~ogen th~ough the study," 

2. Test animals: Species: mouse; St~ain: C~l:CDe1(CR)BR; "pu~­
chased as weanlings ••• animals were received on Septembet: 25, 
1984, and ••• we~e acclimaied fat: 16 days before being placed 
on test.• Tt:eatment was initiated when the animals were 
appt:oximately 5 weeks old. 

B. STUDY DESIGN: 

1. Dose levels 

F~om vol, I, p. 14: "Dose levels for this study wet:e selected 
based on ~esults ft:om a 4-week t:ange-finding study (HLA Study 
No. 6158-102). Mice t:~ceived 2,4-DB in the diet at levels of 
o, 300, 1,000 or 3,000 ppm. The data indicated that the pro­
bable maximum-tolerated dose for an oncogenicity study, based 
on increased liver w~ight, was less than 1,000 ppm. The fol­
lowing levels were selected fo~ the long-tet:m study: 0, 25, 
250 O't 750 ppm 2,4-DB," 
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2. Animal assignment 

Animals we~e ~andomly assigned to g~oups as indicated below' 

I Dose in \Oncogenicity\Intedm sac.\ Othe~s I 
I Test diet ,, 2 months _ _j_ 
J.Q~oue (ggm)· jmale female !male fema~male female\ 

I I 1 Cont~ol 0 so 50 I 20 20 I - I 
\2 Low 25 I so so I 20 20 I - I 
13 Mid 250 I so so I 20 20 I - I 
\4 High 750 I so 50 I 20 20 I - I 
IPrestudy data 0 I I I 1 0 1 0 I 
Uentinel animals 0 I - __ -=-1 

3. 

I 

Diet ereJ2aration 

App~op~iate amounts of 2,4-DB we~e mixed, on a weekly basis, 
with Put:ina Cet:tified Rodent Chow• 5002. Prepared diets were­
ref~ige~ated until fed to the mice. From vol. I p. 17: "Homo­
geneity determinations were done on all dose levels. Samples 
we~e collected from the top, two opposing sides, and bottom 
of the mixing bowl and analyzed. Stability of 2,4-DB in the 
diet was determined by analyzing samples of the low- and high­
dose diets stored at room temperatu~e fot: 0, 7, 14, 21 and 28 
days.• 

"Duplicate samples of all diets mixed for Weeks 1 th~ough 4 
were analyzed. Subsequently, one dose level was selected 
each week for assay and frozen until analysis.• 

Results - The following sample analyses are among those ~e­
po~ted (vol. 1, p. 46-52): 

Nomina 1 I Anal::z:tical Results (]2]2m) I 
!level (]2]2mJI week 1 I week 4--l.!.k 20-22jwk 43-45lweel< 78__1 
I 
I 
I 

25 I 26.8 I 26.2t I 23.9tl 21.3 t I 24.2tl 
250 I 246 I 249t I 241t I 233t I 239t I 
750 I 748 I 730!__1 709t I 734t _j_ 721t I 

tMean of 2 O'C mo1:e measu'tements. 

The range in analyses at 25 ppm was ft:om 19.8 to 34.2 ppm; 
fot: 250 ppm it was 178 to 265 ppm, and fot: 750 ppm it was 
usually f~om 529 to 778 ppm. However, fot: week 26 for the 
nominally 750 ppm sample values .t:anged ft:om less than 10 
ppm to 172 ppm (see vol. I, P• 48). The section on devia­
tions ft:om p~otocol (vol. I, p. 228-230) does not indicate 
any mis-mixing occu~t:ed at this time (ot: any othet:), and 
the text comment (vol. I, p. 20) is' "Week.26 samples wer.e 
sent to the Sponsor fot: analysis; results for the 25-, 250-
and 750-ppm diets were 25.6, 229 and 511 ppm, respectively." 

4. Animals received food (according to the pt:otocol in vol. I, 
p. 239 food was to be made available "f~om glass ja~s that 
limit spillage and allow easy inspection of amount and con­
dition of feed.") and wate~ ~libitum. 



X - 4 

s. Statistics - F~om vol. I, p. 36: •va~ious models of calcula­
to~s, compute~s, and compute~ p~og~ams we~e used to analyze 
data in ebis study.• F~om appendix M, volume v, P• 1583: 

6 • 

"Standa~d one-way analysis of va~iance (ANOVA) was used to 
analyze the following data fo~ each sex: body weight; body 
weight gain; food consumption; clinical chemist~y and hema­
tology (except erythrocyte morphology); o~gan weight; organ­
to-body weight percentages; and organ-to-brain weight ratios." 
For survival and tumor analyses "cumulative su~vival data were 
analyzed using the National cance~ Institute package. Trend 
analysis of survival is evaluated at the 5.0% one-tailed pro­
bability level." Both the Cochran-A~mitage test for trend 
and Fisher's exact method for group differences were used to 
compare the distribution of ce~tain neoplastic and associated 
hyperplastic lesions. 

A signed 
vo 1. I. 
tions is 

Quality assurance statement is provided on p. 4 of 
A listing of the dates of quality assurance inspec­
provided on p• 5 and 6. 

C. METII)OS AND RESULTS: 

1. Observations 

From vol. I, p. 239 animals we~e to be "observed at least 
twice daily (a.m. and p.m.) for mo~ibundity, death and/or 
othe~ obvious signs of toxicity.• Mice were ~emoved from 
their cages and ca~efully examined once a week. 

To~icity/Mortality (survival) 

High-dose (750 ppm) males (but not females) had a d~amatic 

increase in mortality commencing at about weeks 58-61 as 
compa,ed with controls and the two lower dose groups. As a 
result, all 750 ppm males were te~minally sacrificed at week 
66; the remaining groups were not sac~ificed until week 78. 

The following survival data a"e from table 4 (vol I, p. ~7-
6 0) : 

Week 
1 

1 3 
26 

. 52 
S 3a 
59 
6 1 
66 
78 

Male g"oups (2,4-DB 
0 

70/70 
70/70 
69/70 
64/70 
44/53 
41/53 
40/53 
38/52 
25/52 

25 
70/70 
70/70 
70/70 
69/70 
50/51 
48/51 
45/51 
39/51 
27/51 

250 
70/70 
70/70 
70/70 
67/70 
47/51 
42/51 
41/51 
38/51 
25/51 

in ppm) 
750 

70/70 
70/70 
69/70 
64/70 
44/51 
36/51 
30/51 
20/51b 

Female 
0 

70/70 
68/69 
67/69 
61/69 
44/52 
44/52 
44/52 
44/52 
39/52 

groups (2,4-DB in ppm) 

ll 
70/70 
10/70 
70/70 
65/70 
45/50 
44/50 
44/50 
41/50 
34/50 

ill 
69/70 
67/69 
65/68 
63/67 
45/49 
43/49 
43/49 
42/49 
37/49 

750 
70/70 
70/70 
69/70 
66/70 
46/50 
43/50 
43/50 
43/50 
40/50 

a = after inte~im sacrifice; b = 750 ppm males sac~ificed at 
week 66. 
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2, !ody weight: Animals we~e weighed weekly th~ough the fi~st 14 
weeks of the study, and eve~y 4 weeks the~eafte~ (it is noted 
that mice we~e weighed at week 24, ~athe~ than 22). 

I 
I 
I 
I 
I 
I 
I 
I 
1 

gep~esentative mean wei~~· f~om tables 7 and 8): 

Week 
0 

1 3 

26 
54 
66 
78 

!Male g~oups (2,4-DB in ppm)_i!emale g~oups (2,4-DB ~P~l 
I o ~ 25.Q. 750 I o ~ 250 750 I 
I 24.o 24.1 23.9 ~.8 I 21.0 20.3* 2o.5 ~.1**1 
I 26.4 26.3 26.3 26.4 I 22.5 21.9* 21.9* 21.8* I 
I 34.2 34.5 34.9 34.2 I 28.2 27.1** 28.o 21.s I 
I 36.3 36.4 37.2 36.4 I 30.6 30.2 31.0 29.9 I 
I 37.3 37.9 39.o 37.6 I 33.0 33.5 33.5 32.6 1 
I 38.1 38.4 39.4 38.1 I 34;8 34.7 34.8 33.6 I 
I 37.1 38.3 38.s t I 34.5 33.8 34.4 33.3 _l 
* significantly diffe~ent f~om cont~ol value, p < 0.05 

** significantly diffe~ent f~om cont~ol value, p < 0.01 
t all 750 ppm males we~e sac~ificed at week 66. 

Cumulative mean weight gains: 

Du~ing the pe~iod f~om week 14 th~ough week 58 males at 250 
ppm spo~adically had significantly highe~ cumulative mean 
weight gains than thei~ cont~ols (p i 0.01 at weeks 30 and 
50), as did females at 250 ppm fo~ weeks 9, 10 and 14 (p 
i 0.01 fo~ weeks 9 and 14). 

3. Food consumption and compound intake 

Consumption was dete~mined on a weekly basis th~ough the fi~st 
14 weeks of the study, and eve~y 4 weeks the~eafte~. 

None of the weekly mean food consumption values fo~ any of the 
male o~ female g~oups exposed to the 2,4-DB we~e significantly 
lowe~ than co~~esponding cont~ol levels. Howeve~, on several 
occasions, they we~e significantly highe~. 

Mean compound consumption data (in mq/kg/day) a~e given in 
tables 13 (males) and 14 (females). Mean values fa~ 750 ppm 
males ~anged f~om 78.33 (week 58) to 171.09 (week 1); fo~ 750 
ppm females the ~ange was f~om 83.39 (week 78) to 214.35 (week 
5 ) • 

4. Ophthalmalogical examinatio~ 

All eyes we~e examined ophthalmal~gically befo~e the study was 
initiated, and then again nea~ te~mination. 

Results: Ftom .vol. I, P• 21: "Slight inc~eases in the occu~rence 
of cataract, phthisis bulbi, and ~etinal degene~ation foe males 
o~ females in the 750-ppm dose g~oup we~e not conside~ed to be 
t~eatment ~elated because the changes we~e unilate~a~.· 

F~om table 6 (vol. I, p. 78) ~etinal degene~ation was obse~ved 
o<nly in the eyes of· 750 ppm males. The following numbe~s of 
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occu~~ences fo~ each g~oup a~e ~epo~ted: 

Retinal degene~ation- males only: 

Both eyetr 
Right eye 
Left eye 

Q._££!!. .!L.ee 750 p~ 
1 
4 

.The~e we~e p~obably conside~ably fewe~ males in the 750 ppm 
g~oup (20 at week 66 when they we~e te~minated) than the otheYs 
when this examination was made. Howeve~, appendix E only indi­
cates which animals showed ophthalmic abno~malities, not how 
many we~e examined. 

5. Blood was collected f~om the oYbital plexus of each animal 
scheduled fo~ sac~ifice at 12 months. The CHECKED (X) paYa­
mete~s we~e examined. 

a.· Hematology 
X 

lXI Hematoc~it (HCT) 
lXI Hemoglobin (HGB) 

1-1 Leukocyte diffe~ential count 
IX I Mean co~puscula~ HGB (MCH) 

lXI Leukocyte count (WBC) 
lXI E~yth~ocyte count (RBC) 

lXI Mean coepusculae HGB cone. (MCHC) 
lXI Mean co~puscula~ volume (MCV) 

Blood smea~s we~e made f~om all mice at 12 months and at study 
te~mination (week 66 fo~ 750 ppm males ~nd week 78 foe othee 
geoups). At teemination, diffeeential blood counts we~e made 
fo~ all male geoups and fo~ cont~ol and 750 ppm females. 

Results: At 12 months: "Males given 25, 250, oe 750 of the test 
mate~ial had slightly highee ~ed blood cell count, hemoglobin 
and hematoc~it ••• diffe~ences we~e significant foe hemoglobin 
in males given 25 oc 250 ppm and fo~ hematoccit in males given 
250 ppm. Males given 750 ppm had significantly highee Yelative 
neuteophil count and significantly lowe~ eelative lymphocyte 
count. Males and females given 750 ppm had significantly lowe~ 
~elative eosinophil counts" 

Males only: 
.Q_££!! 25 eem ~.Q_££!! ill_.ep_~ 

( 1 o6/mm3 ) RBC count 
Hemoglobin ( HGB) 
Hematoc~it 

Diffe~ential 

' neut~ophils 

' lymphocytes 

' eosinophile 

Females 
Diffecential 

% eosinophile 

8.40 
14.0 
44.3 

34 
64 

1 

2 

9. 14 9.23 
15.2• 15.4• 
47.9 49.3• 

36 39 
62 59 

1 2 

not done not done 

* Significantly diffecent f~om conteol value at p < 0.05 
**Significantly diffeYent f~om conteol value at p < 0.01 

8.93 
14.8 
47.0 

46•* 
52** 

0 *·* 

1** 
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b. £linical cheaist~y 

The CHECKED (X) pa~amete~s we~e examined in animals sac~ificed 
at 12 months: 

X 

Enzymes: Othe~: 

IX I Alkaline phosphatase IX I Total Bili~ubin 
I X I so~bitol dehyd~ogenase IX! Blood ut'ea. nit~ogen 
I X I Gamma glutamyl transfet'ase IX I Total Choleste~ol 
IX I Set'um alanine aminot~ansfe~ase ( ALT; also SGPT) 
IX I Set'um aspa~tate aminotransfe~ase (also SGOT) 

At 12 months: • ••• so~bitol dehydrogenase was significantly 
higher in males given 750 ppm." 

Males at 1 2 months: 

L£e 25 ppm ~££!!!. 750 EEm 
Sod>itol DH (IU/L) 21.6 25.6 34.2 33.8* 
Number of animals 1 0 6 4 6 
* Significan_tly diffe~ent f.:om cont~ol value at p < 0.05 

6. Ut:inalysis 

·Ut:inalysis was not done. 

7. Sact:ifice and Pathology 

All animals that died and that we.:e sac.:ificed on schedule 
(at 12 months and at te~mination) were subject to g~oss 
pathological examination and the CHECKED (X) tissues we~e 
collected fo~ histological examination. The (XX) o~qans 
in addition we~e weighed. 

X 

Digestive system 
I I Tongue 
I x}.saliva~y glands* 
I X }.Esophagus* 
I xl.stomach* 
I X I .Duodenum* 
I X I .Jejunum* 
I X !.Ileum* 
I xl.cecum* 
I XI .Colon• 
I X}.Rectum*. 
I xxi.Live~•t 
I XI Gall bladde~• 
I X I .Panc~eas* 

·Respi~ato~y 

X}.T~achea* 
xi.Lungs* 

X 
Cardiovasc./Hemat. 

I xi.Ao~ta* 
I XX I. He_a~t* 
I xi.Bone mat:t:ow* 
I xi.Lymph nodes* 
lxxi.Spleen* 
I xi.Thymus* 

U.:ogenital 
lxxi.Kidneys*t 
I XI .u~ina~y bladdet:* 

·lxxi.Testes*'r 
I xi.Epididymides 
I X };Pt:ostate 
I xl.seminal vesicle 
IXXI.ova~ies•t 
I xl.ute~us* 
I xi.Cervix 
I xi.Vagina 

X 
Neu~oloqic 

IXX}.Brain*t 
I XI,Pet:iph. ne~ve* 
I Xl.spinal cot:d 0 levels)• 
I XI.Pituitat:y• 
I XI Eyes* 

Glandula~ 

IXX}.Adrenals* 
I X }.Exot:bital Lact:ima.l gland 
I X}.Mamma~y gland & skin* 
I x}.Pa~athy~oids* 
1· X I. Thyt:oids• 

Othet: 
I }.Bone* 
I XI.Skeletal muscle* 
I X !.Skin* 
I XI ·All gt:oss lesions* 

,.. Requit:ed for subchronic and ch~onic studies 
t Ot:qan weights requi~ed in subch~onic and chronic studies 
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gesults: 

a. O~gan weights 

At 12 months and at te~mination mean kidney weights (abso­
lute and ~elative to body weight) we~e highe~ in both 
sexes at 750 p,pm, usually significantly so. Mean live~ 

weights in the 750 ppm mice tended to he elevated, but not 
significantly so: 

Mean o~gan wt s (gms) - males at 1 2 months: 
Q.~ 25 e!2m ~12.£.!!! 750_12.£.!!! 

left kidney 0.345 0. 340 0.358 o • 3 a 5 
~ igh t kidney 0.346 0.344 0.372 0.396 
Live~ 1. 637 1.649 1 • 691 1 • 7 4 9 

12-month mean o~gan-to-body weight ~atios in males (in pe~cent): 

_g_~ 25 !212m 250--2.£!! 750_£1?..!!! 
left kidney 1.0340 1.0111 1.0137 1.1957* 
~ight kidney 1.0334 1. 0 199 1.0539 1.2313* 
Live~ 4.9280 4,9320 4.7741 5.4447 

Mean o~gan wts (gms) - females at 12 months: 
0 !2!2DI 25 !2!2DI 250 !2!2DI 750' 22m 

left kidney 0.235 0.246 0.248 0.276** 
~ight kidney a·. 2 3 5 0.250 0.252 0.281** 
Live~ 1. 3 79 1 • 516 1 • 50 2 1 • 61 a 

12-month mean o~gan-to-body weight catios in females (in peccent): 

1 eft kidney 
~ight kidney 
Live~ 

0 !2Pm 
0.8049 
0.8057 
4.6869 

25 P!2DI 
0.8700 
0.8870 
5.3742 

250 122m 
0.8210 
0.8351 
4.9416 

750 122m 
0.9516** 
0.9691** 
5.7919 

* Significantly different f~om cont~ol value at p < 0.05 
•• Significantly different from cont~ol value at p < 0.01 

Significant diffe~ences and/o~ noticeable elevations in 
o~gan weights fo~ 750 ppm mice at termination were noted in 
the following: 

Mean o~gan wts (gms) 

hea~t 

left kidney 
right kidney 
Live~ 

- males at 
0 2PDI 
0.225 
0.370 
0.380 
2.097 

te~mination: 

~i--2.£!! 250 ppm 
0.248 0.227 
0.403 0.416 
0.418 0.420 
2.316 2.260 

ill.-P.£.1! 
0.256* 
0.421 
0.448** 
2.385 
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Mean o~gan-to-body weight ~atios (in pe~cent) in males at te~mi­
nation: 

_Q-.£.e.!!! 25 !212m 250 !212m Zi.Q.~ 
hea~t - 0.6189 0.6657 0.6165 0.6700 
le!t kidney 1.0101 1. 0 76.7 1.1272 1.1070 
'<ight kidney 1.0382 1.1161 1.1396 1.1810 
Liver 5.7293 6.2201 6.1507 6.2427 

Mean o~gan wts C gms) - females at te-rmination: 
.!Ll'.~ 1.?.~ 1.?..!Ll'.l'..!!! 750 !212m 

left kidney 0.284 0.269 0.280 0.308* 
right kidney 0.281 0.274 0.295 0.311** 

Mean o~gan-to~body weight ratios (in percent) in females at 
te~mination: 

left kidn.ey 
right kidney 

0 J2PIII 
0.8384 
0.8286 

25 ppm 
0.8109 
0.8223 

250 !2P!. 
0.8234 
0. 8 6 72 

2E..!Ll'.~ 
0.9448** 
0.9536** 

* Significantly diffe~ent from cont~ol value at p < 0.05 
** Significantly diffe~ent f~om cont~ol value at p < 0.01 

b. G~oss pathology 

The 750 ppm males which died o~ we~e sacr£ficed moribund had 
an increased incidence of staining in the pe~ineal/perianal 
~egion. There were also inc~eased incidences of irregularly 
shaped kidneys and diffusely da~kened livers (the latta~ 
finding was also more frequent in 750 ppm males sac~ificed 
at 12 months and at te~mination). I.ncidences of findings 
which were increased in 750 ppm males included the following 
(values in parenthesis are the p by Fishe~•s exact test for 
incidences in 750 ppm males as compa~ed with their cont~olsl: 

Males which were sacrificed at 12 months (from table 27) 

liver 
diffusely da~k 0/17 0/19 0/19 2/19 (0.2714) 

Males dying on test or which we~e sac~ificed moribund (from 
table 29): 

kidneys: 
i ~~egularly-shaped 
la~ge 

·liver 
diffusely da~k 
hea~t 

light focus(I) 
/a~ea(s) 

perineum/perianal 
stains 

3/30 
0/30 

1/30 

0/30 

8/30 

25 ppm 250 J2Pm 750 J2PIII 

1/25 
0/25 

0/25 

0/25 

9/25 

4/27 
0/27 

0/27 

0/27 

9/27 

13/31 (0.0047) 
2/31 (0.254·1) 

12/31 ( 0 .0007) 

5/31 (0.0286) 

15/31 (0.0683) 
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Males sac~ificed at te~mination (we~k 66 fo~ 750·ppm males; 
at week 78 fo~ othe~ g~oups); f~om table 28: 

live~ 

diffl.tsely dat:k 

0 ppm 

.0/23 

25 ppm £50 ppm 2~£! 

0/26 0/24 2/20 (0.2104) 

Thet:e wet:e no findings in females with incidences appeat:ing 
to cot:t:elate with 2,4•DB dosage. 

c. Mic~oscopic pathology 

1) Non·neoplastic 

Among 750 ppm males, thet:e wet:e highet: incidences of amyloid­
osis of a numbe~ of o~gans: 
(values in pat:enthesis at:e the p by Fishet:'s exact test fot: 
incidences in 750 ppm males as compa~ed with theit: contt:ols): 

Males which wel'e sact:ificed at 1 2 months (ft:om table 3 0 ) : 
ot:g:an 0 E!E!m ll.J!.£! 250 E!E!m 750 :e:em 
kidney 5/17 9/19 8/19 10/19 (0.1418) 
livet: 4/17 5/19 5/19 10/19 (0.0734) 
heat:t 2/17 n.e. n.e. 11/19 (0.0483) 
spleen 0/17 0/1 n.e. 5/18 (0. 0 2 6 4) 
thyt:oid 2/17 n.e. n.e. 1 1/19 (0.0483) 
ad~enals 5/17 n.e. n.e. 11/19 (0.0832) 
stomach 0/17 0/2 n.e. 4/19 (0.0658) 
testes 4/17 n.e. n.e. 10/19 (0.0734) 

n.e. = none examined 

Males dying on test Ot: which we-re sact:ificed mot:ibund (ft:om 
table 3 2) : 

0 1!1!111 25 E!E!m £50 ;e;em 750 E!l!m 
livet: 10/3.0 13/25 18/26 21/31 (0.0719) 
heat:t 10/30 12/25 18/27 21/31 (0.0719) 
pat:athyt:oids 1/17 0/18 0/20 4/21 (0.2432) 
adt:enals 19/30 19/25 21/27 26/31 (0.0622) 
stomach 4/30 1/24 6/26 10/31 (0.0723) 

Males sact:ificed at tet:mination (week 66 fo~ 750-ppm males; 
at week 78 fot: othet: gt:oups); ft:om table 31: 

thy~oid · 
stomach 
1 act: ima 1 gland 
testes 

0 eem 
3/23 
1/23 
0/23 
3/23 

n.e. =·none examined 

25 :£!:£!1D 
n.e. 
n.e. 
n.e. 
0/3 

£2.,2._.2£! 750 E!l!m 
n.e. 7/20 (0.0903) 
n.e. 4/20 (0.1319) 
n.e. 3/20 (0.0924) 

0/1. 7/20 (0.0903) 
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Othe~ than amyloidosis of one o~gan o~ anothe~, the only dOse­
~elated finding was hepatocellula~ enla~gement in males sac~i­
ficed at te~mination: 

- 0 ppm 25 ppm 250 ppa 750 ppm 
hepatocellula~ 

enla~gement 1/23 1/26 3/24 6/20 (0.0301) 

At terminal sac~ifice the~e we~e "equivocal" inc~eases in 
the incidence of amyloidosis in live~, spleen, kidneys, 
thy~oid, ad~enals and small intestines of female mice; f~om 

table 31 (values in pa~enthesis a~e the p by Fishe~'s exact 
test fo~ incidences in 750 ppm females as compa~ed with thei~ 
cont~ols): 

O~gan with 
am:tloidosis 0 ppm 25 PP!!! 250 ppm 750 122m 
live~ 0/39 1/34 0/37 3/37 (0.1105) 
spleen 0/38 0/2 0/5 2/37 (0.24) 
kidneys 1/39 1/34 4/J 7 5/37 (0.0839) 
thy~oid 0/39 n .. e .. n.e. 3/36 (0.1057) 
ad~enals 0/39 n.e. 0/1 3/37 (0.1105) 
ileum 11/39 n.e. 0/1 16/37 (0.1293) 

n.e. "' none examined 

Neoplastic: 

The following incidences a~e ~epo~ted (vol. I, p. 30) fo~ 

alveola~/b~onchiola~ adenomas and combined adenomas and 
ca~cinomas (p values by Fishe~'s exact test a~e given in 
pa~enthesis whe~e these incidences we~e noticeably - sometimes 
significantly- elevated with ~espect to cont~ol levels): 

Numbs~ of Mice with Numbe~ of Mice with 
Total Numbe~ alveola~/b~onchiola~ alveola~/b~onchiola~ 

Dose of mice adenomas adenomas & cat:cinomas 
<!212m) Male Female Male Female Male Female. 
All mice: I I I I I 

0 70 70 IO 11 \0 11 I 
25 70 70 15 (0.029)\1 16 (0.014)11 I 

2 50 70 70 13 (0.122)\4 (0.183)14 (0.060)15 (0.104)\ 
7 50 70 70 to 11 I o 11 I 
§_act:ificed at 12 months: I I I I 

0 17 17 IO IO IO IO I 
25 19 20 IO IO IO to I 

250 19 18 12 (0.271)12 (0.257)12 (0.271)12 (0.257)\ 
750 19 20 IO IO IO IO I 
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Number ot Mice with Number of Mice 'with 
Total Number alveolar/bronchiolar alveolar/bronchiol~r 

Dose of mice adenomas adenomas & ca"tcinomas 
<e!.!m> !foil e Female Male Female Male Female 
DOT 0'1: sacrificed mo'l:ibund: I I I I 

0 30 13 I o IO IO IO I 
25 25 16 12 (0.202)10 13 (0.088)10 I 

2 50 27 1 1 IO I o 11 to I 
750 3 1 13 IO IO IO IO I 
!e'rminal sac'l:i~: I I I I I 

0 23 39 IO 11 IO I 1 I 
25 26 34 13 (0.141)11 13 (0.141)!1 I 

250 24 37 I 1 12 I 1 13 I 
750 20 37 IO I 1 IO I 1 I 

Since the live'!: is a ta'l:get o'l:gan (the highest dose level in 
this study was set at less than 1000 ppm on the basis of 
inc'l:eased live't weights in a 4-week 'range-finding study; see 
vol. r, P• 14) the following incidences of hepatocellula'l: 
adenomas and combined adenomas and ca'l:cinomas a'te noted 
(p values f'rom Fishe't's exact test, comparing incidences of 
a tumor type with control value, appear immediately below 
the elevated value): 

12 month sac'rifice: males females 
0 25 250 750 I 0 25 250 750 

Hepatocellular I 
carcinomas 0/17 0/19 1/19 1/191 0/17 0/20 0/18 0/20 

I 
18 month sacrifice: I 
Hepatocellular I 

adenomas 2/23 2/26 3/24 1/201 0/39 0/34 0/37 0/37 
Hepato.cellula'l: I 

carcinomas 0/23 1/26 1/24 1/201 1/39 0/34 0/37 0/37 
I 

DOT 0'1: sac'l:ifice moribund: I 
Hepatocellula1: I 

adenomas 2/30 0/25 0/26 0/311 0/13 0/16 0/11 0/13 
Hepatocellular I 

carcinomas 0/30 0/25 2/26 1/311 0/13 0/16 0/11 0/13 
(0.211) I 

Ove'l:all incidences: I 
Hepatocellula'l: I 

adenomas 4/70 2/70 3/69 1/701 0/69 0/70 0/66 0/70 
Hepatocellular I 

carcinomas 0/70 1/70 4/69 3/701 1/69 0/70 0/66 . 0/70 
(0.058) I --combined 4/.7 0 3/70 7/69 4/70 I 1/69 0/70 0/66 0/70 
(0.258) 

Applying the Cochran-A'tmitage trend test to incidences of hepato­
cellular ca'l:cinomas in the 0, 25 and 250 ppm males gives a chi2 
value for linear trend of 5.3009, and this is significant (one 
sided) at p! 0.05. Fo'l: all 4 male groups the chi2 fo'l: linear 
t'l:end is 2.120, and this is not significant (but males in the 
'high-dose g'l:oup we're sac'!: if iced 3 months before othe'rs). 
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Appendix L (volume V) states (unde~ the heading "Histo~ical 
Cont~ol Data•) 1 

"Histo~i~al cont~ol data a~e available f~om· Hazleton Labo.:a­
tories America, Inc. However, the Envi.:onmental P.:otection 
Agency has taken the position that any study that is a pa.:t 
of the histo.:ical database, and is submitted in a final .:epo.:t, 
is subject to being audited in its enti.:ety •.• · The.:efo"e, 
until this issue is .:esolved, we would p.:efec not to P"esent 
these data at this time." 

This appendix also contains mate,ial f"om the open 
"ega~ding tumo~ incidences in co•-1-HaM/ICR mice. 
immediately evident as to what the "elationship is 
this st,ain and that (C,l:CD*1(CR)BR) used in this 

D. DISCUSSION 1 

lite.:atu"e 
It is not 
between 
study. 

In evaluating the tumo~ incidence data fo" males, the fact 
that the 750 ppm group was te~minated at 66 weeks and the 
othecs at 78 weeks has to be taken into account. 

The ove~all incidence of combined b~onchiola~ adenomas and 
ca~cinomas in 25 ppm males (6/70) was significantly (p = 
0.00667 by Fishe~'s exact test) highe~ than that of con­
t~ols (0/70), but the ove~all incidence fo~ 250 ppm males 
(4/70) was not (p • 0.0598), and 2 of the 4 tumo"s in the 
250 ppm males were pcesent in those animals sac~ificed at 
12 months (there we~e no bconchiola~ tumo~s noted in any 
of the 750 ppm males sacrificed at 12 months). 

The~e appears to be a possible dose-,elationship involving 
hepatocellula~ carcinomas in males, with ove~all g~oup 

incidences of 0/70, 1/70, 4/69 and 3/70 (keeping in mind 
that the last value is f~om the 750 ppm males, sac~ificed 
at week 66). The p (by Fisher's exact test) associated 
with the overall incidence of hepatocellula~ carcinomas in 
250 ppm males (4/69) ve~sus controls (0/70) is 0.058, and 
this is a close app~oach to statistical significance. 
While. these values are certainly not convincing evidence of 
oncogenicity (and it is also noted that the p obtained by 
comparing incidences of combined hep.atocellular adenomas 
and carcinomas for 250 ppm males (7/69) and cont.:ols (4/70) 
is 0.2576); the situation has to be addressed. Although the 
laboratory has indicated a "eluctance to submit histo~ical 
cont~ol.data on this mouse st~ain, some info~mation (perhaps 
f~om a se~ies of ~ecent consecutive studies conducted in 
suppo~t of pesticide ~egist~ationsl on this point is app~o­
p~iate, particula~ly as there were no occu~~ences of 
bronchiolar adenomas and ca~cinomas, o~ of hepatocellula" 
aa~cinomas (although hepatocellula~ adenomas we~e present) 
in the cont~ol males of this. study. 
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It is concluded that the high incidence of m.o"Ctalities which 
occU'C'Ced sta"Cting about week 58 in 750 ppm. males is conclusive 
evidence that these animals we'Ce dosed at (o'C even somewhat 
above) a-maximally tole"Cated dose level. 

With the females the'Ce is no evidence of any dose-'Celated 
t"<end in eithe'C b"<onchiola'C, live"< o'C any othe'C type of tumo'C. 
It is also.noted that incidences of neoplasms in females in 
this study in all g"<oups we'Ce quite low. Howeve'C, the major 
question is whethe'C in fact the females we'Ce tested at a 
maximally tole'Cated dose (MTD) O'C close enough to such a 
dose, particula"<ly since the only significant effect at 750 
ppm was an inc'Cease in mean kidney weights. 

Justification should be made then that 750 ppm in females is 
a MTD (o'C is close enough to such a level). Info"CIIlation sub­
mitted spould include data, p"<efe"Cably £'Com both sexes, f"Com 
the 4-week "Cange-finding study (HLA No. 6158-10i); which was 
used in setting the dose levels of this oncogenicity study. 
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